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 Associations between the dietary patterns of pregnant Malaysian 
women and ethnicity, education, and early pregnancy waist 
circumference: A prospective cohort study
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BACKGROUND/OBJECTIVES: Little is known about the dietary patterns (DPs) of women during pregnancy. The present study 
aimed to identify the DPs of pregnant Malaysian women and their associations with socio-demographic, obstetric, and anthropometric 
characteristics. 
SUBJECTS AND METHODS: This prospective cohort study included 737 participants enrolled in Seremban Cohort Study between 
2013 and 2015. Food consumption was assessed using a validated 126-food item semi-quantitative food frequency questionnaire 
(SFFQ) at four time-points, namely, pre-pregnancy and at each trimester (first, second, and third). Principal component analysis 
(PCA) was used to identify DPs. 
RESULTS: Three DPs were identified at each time point and designated DP 1-3 (pre-pregnancy), DP 4-6 (first trimester), DP 
7-9 (second trimester) and DP 10-12 (third trimester). DP 1, 4, and 7 appeared to be more prudent diets, characterized by 
higher intakes of nuts, seeds & legumes, green leafy vegetables, other vegetables, eggs, fruits, and milk & dairy products. 
DP 2, 5, 8, and 11 had greater loadings of condiments & spices, sugar, spreads & creamer, though DP 2 had additional sweet 
foods, DP 5 and 8 had additional oils & fats, and DP 11 had additional tea & coffee, respectively. DP 3 and 6 were characterized 
by high protein (poultry, meat, processed, dairy, eggs, and fish), sugars (mainly as beverages and sweet foods), and energy 
(bread, cereal & cereal products, rice, noodles & pasta) intakes. DP 9 had additional fruits. However, DP 12 had greater loadings 
of energy foods (bread, cereal & cereal products, rice, noodles & pasta), sugars (mainly as beverages, and sweet foods), and 
good protein sources (eggs, nuts, seeds & legumes). Malays were more likely to have lower adherence (LA) for DP 1 and 
10 than non-Malays. DP 2, 8, and 11 were more prevalent among Malays than non-Malays. Women with a higher education 
were more likely to have LA for DP 10, and women with a greater waist circumference at first prenatal visit were more likely 
to show LA for DP 11. 
CONCLUSIONS: DPs observed in the present study were substantially different from those reported in Western populations. 
Information concerning associations between ethnicity, waist circumference and education with specific DPs before and throughout 
pregnancy could facilitate efforts to promote healthy dietary behavior and the overall health and well-being of pregnant women.
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INTRODUCTION6)
Diet significantly contributes to human health [1], and during 
pregnancy, dietary energy and nutrient requirements, specifically 
micronutrient requirements, are generally greater to support 
increased maternal metabolism and blood volume, red cell mass 
expansion, and to secure the delivery of nutrients to the fetus 
[2]. Poor nutrition during pregnancy is indicative of greater 
short- and long-term health risks to both mother and child [3,4]. 
Potential health risks to women and their off-spring necessitate 
continuous monitoring of the nutritional statuses and dietary 
intakes of pregnant women. Moreover, because a healthy diet 
reduces the risk of short- and long-term adverse pregnancy 
outcomes [5], the identification of the optimal diets during 
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pregnancy is an important public health issue. 
Dietary intakes during pregnancy are commonly assessed 
using intakes of energy, macronutrients, micronutrients, and 
food groups [6,7] and maternal diet imbalance suggests poor 
nutritional status. In recent years, the focus of dietary studies 
has shifted from evaluations of single nutrients toward 
evaluations of dietary patterns, which describe combinations 
of commonly consumed foods [8]. This approach allows diets 
to be described holistically and the roles played by social and 
economic factors with respect to compliance with dietary 
patterns to be elucidated [9]. Dietary patterns may also help 
capture the complexities of diet, which are often inaccessible 
by nutrient analysis. The latter point is relevant because 
nutritional health outcomes are often the result of multiple 
synergies between nutrients and foods rather than the summed 
effects of individual components [10].
Previous studies have shown that nutrition prior to and 
during pregnancy may critically effect maternal health and 
subsequent fetal development [11-13]. A dietary pattern high 
in fruits and vegetables is associated with a reduced risk of 
preterm delivery [14-17], whereas dietary patterns characterized 
by high energy, saturated and trans fats, refined sugar, and 
sodium are associated with higher risks of preterm delivery [18], 
low birth weight [19], and small-for-gestational-age (SGA) 
infants [20]. Maternal diet not only affects fetal development 
but also infant risk of chronic disease in later life [21-23]. 
Mediterranean diets and diets high in fruits and vegetables have 
been found to protect allergies in children [24,25], while 
maternal diets high in white bread, red and processed meat, 
French fries, fried chicken, and vitamin C rich drinks have been 
reported to increase the risks of childhood overweightedness 
and obesity significantly at 3 years of age [16].
Although several approaches have been used to identify DPs 
among pregnant women, the posterior approach derived from 
principal component analysis is the most commonly used 
[26-29]. However, most studies on the topic have been 
conducted in Western populations, and due to diet and lifestyle 
behavior differences, the dietary pattern exhibited by pregnant 
Malaysian women is certain to differ. In addition, the majority 
of nutritional studies focused on one of the phases of pregnancy, 
such as pre-pregnancy [30,31] or mid-to-late pregnancy [32,33], 
and as maternal diets appear to change during pregnancy. 
Furthermore, we should understand dietary changes during this 
period, as dietary changes during pregnancy appear to reflect 
women’s efforts to balance physiological changes in an effort 
to secure a healthy outcome. However, such information is 
unavailable for pregnant Malaysian women. In addition, unders-
tanding the characteristics of pregnant women with different 
dietary patterns is important for devising appropriate strategies 
to promote healthy eating. Thus, the present study was 
undertaken to determine dietary patterns before and during 
pregnancy and to document the consistencies of and deviations 
from dietary patterns over time and the maternal factors 
associated with observed patterns.
MATERIALS AND METHODS
Study design and location
This study was performed using data from the Seremban 
Cohort Study (SECOST). The methodology of this study has been 
previously described in detail (http://dx.doi.org/10.1136/ 
bmjopen-2017-018321) [34]. In brief, SECOST is an on-going 
prospective cohort study in which eligible pregnant women in 
the first trimester (< 10th weeks of gestation) of pregnancy are 
recruited from three Maternal and Child Health (MCH) clinics 
in Seremban District, Negeri Sembilan and then followed-up for 
more than two years postnatally. The primary objective of 
SECOST is to identify the determinants and pregnancy outcomes 
of maternal glycemia. In the present study, we included data 
from 737 pregnant women enrolled in SECOST. However, due 
to follow-up visit failures, data were only available for 737 
women (pre-pregnancy), 629 women (first trimester), 515 
women (second trimester) and 487 women (third trimester). No 
difference was evident between the socio-demographic or 
obstetric information of completers and non-completers.
The study protocol was approved by the Medical Research 
Ethics Committee (MREC), Universiti Putra Malaysia (UPM/FPSK/ 
100-9/2-MJKEtika), and the Medical Research Ethics Committee 
(MREC), Ministry of Health Malaysia (KKM/NIHSEC/08/0804/ 
P12-613). Permission to conduct this study was also obtained 
from the Seremban District Health Office. All women provided 
written informed consent. 
Dietary assessment
Dietary intake was assessed using a modified 126-food item 
semi-quantitative food frequency questionnaire (SFFQ), which 
represented foods consumed by Malaysians [35], to assess 
dietary intakes over the previous 30 days. However, this 
questionnaire does not provide information concerning the 
preparation of food, including whether food items are raw or 
cooked. The SFFQ has been shown to have good validity and 
reproducibility for documenting food intakes of pregnant 
Malaysian women [36]. The questionnaire, which addressed 
serving sizes and frequencies of consumption (average times 
per day, week, or month) of each food item, was completed 
by trained interviewers during face-to-face interviews. Amounts 
of consumed food items were then converted into servings 
(grams) per day for each food group [37].
Food items were categorized into 17 food types (Supple-
mentary Table 2) on the basis of nutrient characteristics, culinary 
usage, and habitual intake, and information from previous 
Malaysian studies [36-38]. The food groups included in this 
study were: rice, noodles & pasta; bread, cereal & cereal 
products; poultry & meat; processed meat; fish & seafood; eggs; 
nuts, seeds & legumes; milk & dairy products; green leafy 
vegetables; other vegetables; fruits; tea & coffee; high energy 
beverages; sweet foods; sugar, spread & creamer; condiments 
& spices; and oils & fats. The Malaysian Adult Nutrition Survey 
(MANS) showed that milk & dairy product (0.14 servings per 
day) consumption by Malaysian adults was well below the 
recommended intake of 1-2 servings per day [37]. Similarly, we 
also found that pregnant women only consumed of 0.09 to 
0.50 servings per day of milk & dairy products. For this reason, 
we study did not differentiate between high-fat and low-fat milk 
and dairy products. Whole grain varieties are limited in Malaysia 
due to price and availability for purchasing. Red meats are 






Age at study entry (yrs) 30.34 ± 4.55
≤ 20 9 (1.2)
21-30 412 (55.9)
31-40 297 (40.3)




Indian and others 44 (6.0)
Education (yrs) 13.08 ± 2.43
Secondary and lower 329 (44.6)
STPM/ Matric/ Diploma/ Certificate 236 (32.0)
Tertiary and above 172 (23.4)
Table 1. Characteristics of the study subjects (n = 737)
included in “poultry & meat”, as both are considered to be 
similar protein sources. Furthermore, poultry consumption was 
much higher and more frequent than red meat consumption 
in our cohort, presumably because of the cost of red meat and 
food habits. Thus, types of meat were not separated into 
different categories. Palm oil is the most commonly used 
cooking oil in Malaysia, and thus, vegetable oils (oils/fats other 
than palm oil) were not separated from animal fats (ghee and 
butter), because the consumption of animal fats in our cohort 
was minimal. 
Principal component analysis (PCA) was performed on 17 
food groups to derive DPs. Factors were rotated by orthogonal 
transformation (varimax rotation) to maintain uncorrelated 
factors and for greater interpretability. Data suitability was 
assessed prior to PCA. Kaiser-Meyer-Olkin values were 0.68 
(pre-pregnancy), 0.74 (1st trimester), 0.65 (2nd trimester), and 0.66 
(3rd trimester), which exceeded the recommended value of 0.60. 
The number of factors was determined using an eigen value 
cut-off of 1.5 [39]. As a rule of thumb, to assess the significance 
of factor loadings, a minimum factor loading of 0.30 is accepted 
[40]. Thus, food groups with a factor loading of < 0.3 were 
eliminated from further analysis. Dietary patterns at each time 
point were designated DP 1-3 (pre-pregnancy), DP4-6 (first 
trimester), DP 7-9 (second trimester), and DP 10-12 (third 
trimester) (Table 2). The factor scores for each dietary pattern 
were calculated by summing the intakes of food items weighted 
by their factor loadings [41]. A high factor score (either positive 
or negative) indicated either high or low intake of that food 
group in dietary pattern. No negative factor score was observed 
for any DP in this study. Factor scores were then categorized 
into tertiles (1st tertile = low adherence (LA), 2nd tertile =
moderate adherence (MA), and 3rd tertile = high adherence (HA)) 
to ease interpretations during subsequent analysis. Adherence 
was defined as the extent to which the subjects followed a 
particular DP. 
Socio-demographic and obstetric characteristics of women
Socio-demographic variables included age, ethnicity, 
education, occupation, and monthly household income, and 
obstetrical variables included gestational weeks at first prenatal 
visit, parity, histories of gestational diabetes mellitus (GDM) and 
pre-eclampsia, family histories of diabetes mellitus and 
hypertension, and current pregnancy planning.
Anthropometric measurements
The waist circumference (WC) was measured at first prenatal 
visit (mean 9.67 ± 2.55 gestational weeks) using an SECA 
non-stretchable fiber measuring tape, and results were 
categorized as normal (< 80 cm) or increased risk of metabolic 
complications (≥ 80 cm) [42]. Self-reported pre-pregnancy 
weights and measured heights were used to calculate 
pre-pregnancy body mass indices (BMI) (kg/m2) [pre-pregnancy 
weight (kg)/height (m)2]. These pre-pregnancy BMIs were then 
classified as underweight (< 18.5 kg/m2), normal (18.5-24.9 
kg/m2), overweight (25.0-29.9 kg/m2), or obese (≥ 30.0 kg/m2) 
using the World Health Organization criteria [43]. 
Statistical analysis
The analysis was performed using IBM SPSS version 22 [44]. 
Continuous and categorical variables are presented as descriptive 
statistics. All continuous variables were tested for normality 
using a histogram and the Shapiro-Wilk test. Univariate logistic 
regression was performed to assess the associations between 
DPs and sociodemographic, obstetric, and anthropometric 
measurements. Crude odds ratios were then compared with 
adjusted odds ratios. A variable was considered a confounder 
if its odds ratio changed by ≥ 10% after adjustment [45]. All 
variables with a P-value < 0.25 by univariate analyses were 
entered into multivariate models as independent factors with 
age, family history of diabetes mellitus, family history of 
hypertension, medical history of GDM, medical history of 
pre-eclampsia, and parity as covariates [46]. Prior to the main 
analysis, data were screened and tested to ensure that the 
assumptions of statistical tests were met. Statistical significance 
was accepted for two-sided P-values of < 0.05.
RESULTS 
The characteristics of the 737 study subjects are summarized 
in Table 1. Mean age at study entry was 30.34 ± 4.55 years. Most  
Food groups
Pre-pregnancy (n = 737) First trimester (n = 629) Second trimester (n = 515) Third trimester (n = 487)
DP 1 DP 2 DP 3 DP 4 DP 5 DP 6 DP 7 DP 8 DP 9 DP 10 DP 11 DP 12
Other vegetables 0.73 0.81 0.76 0.65
Nuts, seeds & legumes 0.68 0.32 0.39 0.41
Green leafy vegetables 0.57 0.43 0.80 0.72
Eggs 0.57 0.59 0.54 0.52
Fruits 0.41 0.43 0.56 0.65
Milk & dairy products 0.39 0.57 0.51 0.47
Condiments & spices 0.97 0.96 0.96 0.97
Sugar, spread & creamer 0.97 0.96 0.96 0.97
Sweet foods 0.31 0.47 0.38 0.56
Rice, noodles & pasta 0.76 0.40 0.55
Oils & fats 0.58 0.33 0.31
High energy beverages 0.53 0.38 0.54 0.51
Poultry & meat 0.51 0.35 0.38 0.44
Fish & seafood 0.49 0.51 0.61
Bread, cereal & cereal products 0.63 0.62 0.52
Processed meat 0.34 0.41
Tea and coffee 0.39
Total variance 13.54% 13.11% 11.90% 11.30% 12.92% 14.39% 10.66% 12.56% 15.40% 10.84% 13.34% 13.52%
Dietary patterns contained food groups with absolute factor loadings of > 0.300.
Table 2. Factor loadings of dietary patterns at pre-pregnancy and during pregnancy








Monthly household income (MYR)1) 3,791.70 ± 2,037.47
Low (< 3,860) 448 (60.8)
Middle (3,860-8,319) 268 (36.4)
High (≥ 8,320) 21 (2.8)
Obstetrical information
Gestational week at booking (weeks) 9.67 ± 2.55








Diabetes mellitus 199 (27.0)
Hypertension 170 (23.1)
Anthropometric measurements
Height (m) 1.56 ± 0.06
< 1.55 270 (36.6)
1.55-1.58 230 (31.2)
> 1.58 237 (32.2)
Waist circumference at first prenatal visit (cm) 78.69 ± 10.52
< 80 439 (59.6)
≥ 80 298 (40.4)
Pre-pregnancy weight (kg) 58.71 ± 12.98
Pre-pregnancy BMI (kg/m2) 23.97 ± 4.95
Underweight (< 18.5) 72 (9.8)
Normal (18.5-24.9) 399 (54.1)
Overweight (25.0-29.9) 171 (23.2)
Obese (≥ 30.0) 95 (12.9)
1) Economic Planning Unit, Prime Minister’s Department, 2014. One USD was equivalent to 4.22 Malaysian Ringgit (MYR) at the time of the study.




DP 1 DP 2 DP 3
LA HA LA HA LA HA
Adjusted OR [95% CI]
Ethnicity
Non-Malay 1.00 1.00 1.00 1.00 1.00 1.00
Malay 3.10 [1.65-5.83]* 1.64 [0.95-2.82] 0.52 [0.30-0.91]* 1.23 [0.64-2.37] 1.04 [0.56-1.93] 0.63 [0.36-1.12]
Education (yrs)
Secondary and lower 1.00 1.00 1.00 1.00 1.00 1.00
Tertiary and above¶ 0.85 [0.59-1.22] 1.10 [0.76-1.58] 0.83 [0.58-1.20] 0.73 [0.50-1.05] 1.06 [0.73-1.54] 0.78 [0.54-1.13]
Monthly household income (RM)
Low 1.00 1.00 1.00 1.00 1.00 1.00
Middle to high 1.16 [0.80-1.67] 1.31 [0.91-1.90] 1.21 [0.84-1.75] 1.29 [0.90-1.87] 0.98 [0.68-1.43] 0.83 [0.57-1.20]
WC at first prenatal visit (cm)
< 80 1.00 1.00 1.00 1.00 1.00 1.00
≥ 80 0.95 [0.65-1.38] 1.14 [0.79-1.66] 1.13 [0.78-1.64] 0.86 [0.59-1.26] 0.98 [0.67-1.42] 0.81 [0.56-1.18]
Pre-pregnancy BMI (kg/m2)
Underweight/normal 1.00 1.00 1.00 1.00 1.00 1.00
Overweight/obese 1.08 [0.74-1.58] 0.99 [0.68-1.45] 1.08 [0.74-1.57] 0.81 [0.55-1.19] 0.89 [0.61-1.31] 0.90 [0.62-1.32]
First trimester 
DP 4 DP 5 DP 6
LA HA LA HA LA HA
Ethnicity
Non-Malay 1.00 1.00 1.00 1.00 1.00 1.00
Malay 0.69 [0.36-1.32] 0.76 [0.39-1.49] 0.83 [0.45-1.54] 1.11 [0.57-2.17] 1.01 [0.53-1.94] 0.86 [0.45-1.64]
Education (yrs)
Secondary and lower 1.00 1.00 1.00 1.00 1.00 1.00
Tertiary and above¶ 0.79 [0.53-1.17] 1.06 [0.71-1.58] 1.32 [0.89-1.96] 1.14 [077-1.69] 0.82 [0.55-1.22] 1.06 [0.71-1.58]
Monthly household income (RM)
Low 1.00 1.00 1.00 1.00 1.00 1.00
Middle to high 0.84 [0.57-1.25] 0.95 [0.64-1.42] 1.43 [0.96-2.13] 1.15 [0.77-1.72] 0.79 [0.53-1.18] 0.94 [0.63-1.40]
WC at first prenatal visit (cm)
< 80 1.00 1.00 1.00 1.00 1.00 1.00
≥ 80 1.06 [0.70-1.59 1.11 [0.74-1.68] 1.20 [0.80-1.79] 0.87 [0.57-1.31] 1.33 [0.88-2.00] 1.10 [0.73-1.66]
Pre-pregnancy BMI (kg/m2)
Underweight/normal 1.00 1.00 1.00 1.00 1.00 1.00
Overweight/obese 1.06 [0.70-1.61] 1.15 [0.76-1.74] 1.32 [0.88-1.99] 0.96 [0.63-1.46] 1.37 [0.91-2.07] 0.94 [0.61-1.42]
Second trimester
DP 7 DP 8 DP 9
LA HA LA HA LA HA
Ethnicity
Non-Malay 1.00 1.00 1.00 1.00 1.00 1.00
Malay 1.76 [0.83-3.72] 0.99 [0.52-1.91] 0.56 [0.29-1.06] 2.36 [1.01-5.63]* 1.30 [0.64-2.62] 1.03 [0.53-2.02]
Education (yrs)
Secondary and lower 1.00 1.00 1.00 1.00 1.00 1.00
Tertiary and above¶ 1.23 [0.79-1.91] 1.16 [0.75-1.81] 0.80 [0.52-1.25] 1.03 [0.66-1.59] 0.98 [0.63-1.52] 0.93 [0.60-1.44]
Monthly household income (RM)
Low 1.00 1.00 1.00 1.00 1.00 1.00
Middle to high 1.28 [0.81-2.02] 1.17 [0.75-1.84] 1.44 [0.92-2.26] 1.16 [0.74-1.83] 0.93 [0.60-1.45] 0.92 [0.59-1.44]
WC at first prenatal visit (cm)
< 80 1.00 1.00 1.00 1.00 1.00 1.00
≥ 80 1.34 [0.85-2.11] 0.84 [0.53-1.34] 1.46 [0.93-2.32] 1.28 [0.81-2.02] 1.37 [0.87-2.16] 1.23 [0.78-1.95]
Pre-pregnancy BMI (kg/m2)
Underweight/normal 1.00 1.00 1.00 1.00 1.00 1.00
Overweight/obese 1.09 [0.69-1.72] 0.84 [0.53-1.34] 1.15 [0.72-1.82] 0.97 [0.61-1.54] 1.12 [0.71-1.76] 0.99 [0.63-1.57]
Table 3. Multivariate associations between women’s characteristics and dietary patterns
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Third trimester 
DP 10 DP 11 DP 12
LA HA LA HA LA HA
Ethnicity
Non-Malay 1.00 1.00 1.00 1.00 1.00 1.00
Malay 2.22 [1.01-4.92]* 0.90 [0.47-1.72] 0.68 [0.36-1.29] 2.60 [1.10-6.16]* 1.55 [0.74-3.22] 1.03 [0.53-2.02]
Education (yrs)
Secondary and lower 1.00 1.00 1.00 1.00 1.00 1.00
Tertiary and above ¶ 1.77 [1.13-2.78]* 1.54 [0.98-2.41] 0.83 [0.53-1.29] 1.04 [0.66-1.62] 0.66 [0.42-1.04] 1.40 [0.98-2.20]
Monthly household income (RM)
Low 1.00 1.00 1.00 1.00 1.00 1.00
Middle to high 1.71 [0.99-2.73] 1.25 [0.78-1.99] 1.50 [0.94-2.38] 1.13 [0.71-1.81] 0.72 [0.45-1.15] 1.11 [0.70-1.76]
WC at first prenatal visit (cm)
< 80 1.00 1.00 1.00 1.00 1.00 1.00
≥ 80 1.57 [0.99-2.50] 0.96 [0.60-1.54] 1.63 [1.03-2.60]* 1.04 [0.65-1.67] 1.31 [0.82-2.09] 1.22 [0.76-1.95]
Pre-pregnancy BMI (kg/m2)
Underweight/normal 1.00 1.00 1.00 1.00 1.00 1.00
Overweight/obese 0.83 [0.52-1.32] 0.82 [0.51-1.31] 1.04 [0.65-1.67] 0.80 [0.50-1.29] 0.98 [0.61-1.57] 0.81 [0.50-1.31]
¶STPM/ Matric/ Diploma/ Certificate, tertiary and above
1) Dietary patterns were classified in tertiles of adherence (1st tertile = low adherence (LA); 2nd tertile = moderate adherence (MA), and 3rd tertile = high adherence (HA)).
Adjusted for age (continuous), family history of diabetes mellitus (categorical- yes/no), family history of hypertension (categorical- yes/no), medical history of GDM (categorical- 
yes/no), medical history of pre-eclampsia (categorical- yes/no), and parity (continuous)
MA was used as the reference.
* P < 0.05, ** P < 0.001
Table 3. continued
women were Malays (89.3%), nulliparous (35.8%), had completed 
secondary education (44.6%), were employed (69.7%), and were 
from low-income households (60.8%). A small percentage of 
women reported having GDM (8.1%) or pre-eclampsia (2.7%) 
during a previous pregnancy. More than one-fifth had a family 
history of diabetes mellitus (DM) (27.0%) or hypertension 
(23.1%). About 40.4% had an early waist circumference meas-
urement of ≥ 80 cm, and 73.9% were overweight (33.6%) or 
obese (40.3%). More than half (54.1%) reported a normal body 
mass index (BMI 18.50-24.99 kg/m2) before pregnancy. 
The factor loadings of DPs before and during pregnancy (first, 
second, and third trimester) are provided in Table 2. Three DPs 
were identified at each time point: DP 1-3 for pre-pregnancy, 
DP 4-6 for the first trimester, DP 7-9 for the second trimester, 
and DP 10-12 for the third trimester. Pre-pregnancy, DP 1 was 
the most dominant food pattern and accounted for 13.5% of 
total dietary intake variation. During pregnancy, DP 6, DP 9 and 
DP 12 explained the largest percentage of total variance, with 
total variances of 14.4%, 15.4% and 13.5% for first, second, and 
third trimesters, respectively. DP 1 and DP 4 appeared to be 
a more prudent diet and were characterized by higher intakes 
of other vegetables, nuts, seeds & legumes, green leafy 
vegetables, eggs, fruits, and milk & dairy products. DP 7 in the 
second trimester became more plant- and staple food-based. 
However, in the third trimester, DP 10 was characterized by 
additional food sources choice rich in protein, such as poultry 
& meat; nonetheless, this pattern was still considered healthy 
based on overall vegetable and fruit intakes. DP 2, 5, 8, and 
11 had greater loadings of condiments & spices, sugar, spread 
& creamer, though DP 2 had additional sweet foods, DP 5 and 
DP 8 had additional oils & fats, and DP 11 had additional tea 
& coffee. DP 3 and DP 6 were characterized by high protein 
(poultry, meat, processed, dairy, eggs, and fish), sugars (mainly 
as beverages and sweet foods), and energy (bread, cereal & 
cereal products, rice, noodles & pasta). A similar pattern (DP 
9) was found in the second trimester with additional fruits. 
However, in the third trimester, DP 12 had greater loadings of 
energy (bread, cereal & cereal products, rice, noodles & pasta), 
sugars (mainly as beverages, and sweet foods), and good 
protein sources (eggs and nuts, seeds & legumes). Sensitivity 
analyses were performed on 487 pregnant women with 
complete data, and findings concurred with main findings 
(Supplementary Table 1).
Table 3 shows the associations between women’s characte-
ristics and DPs. Pre-pregnancy, women were more likely to have 
low adherence (LA) for DP 1, but less likely to have LA for DP 
2. No significant association was found between maternal 
characteristics and DP during the first trimester, but during the 
second trimester, were more likely to have high adherence (HA) 
for DP8, and in the third trimester, were more likely to have 
LA for DP 10 and HA for DP11. Whereas, women with a higher 
waist circumference (WC) at first prenatal visit were more likely 
to have LA for DP 11. In addition, women with higher education 
were more likely to have LA for DP10. 
DISCUSSION
The present study identified three distinct DPs in Malaysian 
pregnant women with specific adherence patterns over time 
and their dependence on maternal characteristics. Pre-pregnancy 
DP 1 was dominated by plant-based foods, eggs, milk and dairy 
products, and most resembled the DP commonly identified as 
‘‘Prudent/Healthy’’ (vegetables, fruits, fish, legumes, whole grains, 
and dairy products) reported in Western studies [13,33,47-49]. 
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DP 4, DP 7 and DP 10 during pregnancy remained somewhat 
plant-based with the addition of an additional staple-food in 
the second trimester and protein (poultry & meat) in the third 
trimester. In a Korea study conducted on a general adult 
population, a healthy dietary pattern was characterized by high 
intakes of vegetables, fruits, whole grains, legumes, and seafood 
and low intakes of sweetened foods, refined grains, and 
processed meat [50]. However, during pregnancy, a healthy diet 
should be characterized as a balanced diet that includes a 
combination of all food groups to ensure that increased 
nutritional needs are met during pregnancy [51]. Thus, although 
rice, noodles & pasta, and poultry & meat were included in DP 
7 and DP 10, these patterns were still considered as healthy. 
A similar pattern was reported in studies conducted in China 
(‘vegetarian/vegetable pattern’) and in the Growing Up in 
Singapore Towards Healthy Outcomes (GUSTO) study (‘vegetable, 
fruit and white rice’). The patterns reported by these studies 
were characterized by high loadings of plant-based foods such 
as root vegetables, beans, leafy vegetables, fruits, and legumes 
[17,32,33]. Dietary patterns weighted toward plant-based foods 
(especially fruits), vegetables, whole grains, and lean meat 
throughout pregnancy have been shown to benefit both 
maternal and perinatal health [2,13,33]. He et al. [33] concluded 
vegetables and fruits were important components of protective 
dietary patterns and that a ‘vegetable dietary pattern’ was 
significantly associated with a lower risk of GDM [33]. In addition, 
Chia et al. [17] reported this dietary pattern was significantly 
associated with preterm birth and larger birth size [17].
DP2 and DP3 during pre-pregnancy, DP 5 and DP 6 during 
first trimester, DP 8 and DP 9 during second trimester, and DP 
11 and DP 12 in third trimester were less healthy DPs 
characterized by either high intakes of fats and energy or 
protein and sugar. DP 3 changed from pre-pregnancy to 
pregnancy (DP 6, DP 9, and DP 12) to account for the largest 
proportion of total variance. Plausibly, preference for these 
energy dense foods is due to increased appetite during 
pregnancy. De-Graft Aikins [52] stated that Ghanaian women 
reported increased appetite during pregnancy and reported a 
craving for starch and protein rich foods [52]. In addition, many 
pregnant women believe that the consumption of high protein 
foods, such as meat, cheese, and milk, is important for infant 
growth and development [53]. Based on current knowledge, 
excessively low protein intake during pregnancy is associated 
with negative effects in terms of weight and length at birth. 
However, excessively high protein could also negatively impact 
fetal development [54]. Although fish & seafood and eggs 
contain lower fat levels than meats, the methods used to 
prepare them may substantially increase fat contents. In 
Malaysia, fish & seafood and eggs are usually deep-fried, grilled 
with oil, or with added oil and/or fat (e.g. curry, fried chili, 
coconut milk-based gravy, or sauce) [37]. In other words, 
increased fish & seafood and egg intake may be associated with 
energy and fat intake increases.
DP 2 (pre-pregnancy), DP 5 (first trimester), DP 8 (second 
trimester), and DP 11 (third trimester) were much more consistent 
than other DP over time. This pattern was characterized by high 
loadings of condiments & spices (at all time points), sugar, 
spread & creamer (all time points), and lower loadings of oils 
& fats (1st and 2nd trimester) and tea & coffee (3rd trimester). 
These DPs appear to be unique to the Malay population and 
are markedly different from those reported in Western 
populations [13,33,47,49]. This pattern appears to be similar to 
the ‘less-healthy’ pattern reported in pregnant women in the 
Universiti Sains Malaysia (USM) Birth Cohort Study [55]. The 
Malaysian Adult Nutrition Survey (MANS) also showed the 
majority of Malaysians consume tea (47%) and coffee (28%) at 
least once a day and habitually add sugar (four teaspoons per 
day) and creamer (three teaspoons per day) to beverages [37]. 
The condiments and spices included in this pattern were soy 
sauce (salty soy sauce or sweet soy sauce), oyster sauce, chili 
paste, and chili sauces, all of which are frequently used during 
food preparation. This finding illustrates specific dietary pattern 
differences between Asian and Western populations.
Although the present study showed Malays were more likely 
to have low adherence (LA) for DP 1 before pregnancy and 
DP 10 during the 3rd trimester, average daily intakes of fruits 
and vegetables based on 24-hour dietary recall fell much below 
recommended levels. This finding is similar to that of the MANS, 
which reported that about 75.5% of Malaysian women aged 
18 to 59 years did not meet the dietary guideline for fruit and 
vegetable intakes (3 to 5 servings per day) [37]. We also found 
that women with at least a tertiary education were significantly 
more likely to have LA for DP 10, but only in the third trimester. 
Previous studies showed that education level importantly 
enhances nutritional knowledge [56,57], and thus, it is possible 
that these women increased their energy and protein intakes 
in the 3rd trimester to support fetal growth and development. 
However, whether this observation indicates that as pregnancy 
progresses, women with higher education become more aware 
of the relationship between diet and fetal growth and 
subsequently adopt a more diverse dietary pattern, requires 
further investigation.
We also found significant ethnic differences in DP 2 (condiments, 
spices, sugar, spread and creamer) during pre-pregnancy, DP 
8 during the second trimester, and DP 11 during the third 
trimester, which probably reflect differences in food culture 
among ethnic groups. Malays were less likely to have LA before 
pregnancy but tended toward higher adherence (HA) to DP 8 
and DP 11 than non-Malays. The main characteristic of Malay 
cuisine is the generous use of condiments and spices in dishes 
(either animal or plant-based). In addition, tea and coffee are 
served daily for breakfast and snacks and sugar is usually added 
to beverages. These findings highlight the importance of 
understanding dietary patterns of specific ethnic groups when 
designing targeted health promotion interventions. 
In the third trimester, women with a higher WC at first 
prenatal visit were found to be more likely to have LA for DP 
11 (condiments, spices, sugar, spread and creamer). About 
73.9% of women with a WC of ≥ 80 cm at first prenatal visit 
were overweight (33.6%) or obese (40.3%) at study entry. Within 
the Malaysian health care setting, it is plausible that overweight 
or obese women received diet counseling from a health 
professional during pregnancy to reduce amounts of sugary 
foods, oil, and fats in diet to prevent excessive gestational 
weight gain (GWG) and pregnancy complications, such as 
gestational diabetes mellitus (GDM). Furthermore, previous 
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studies have shown taste preferences may differ according to 
weight status, in that those who are overweight or obese 
appear show greater preference for energy-dense foods [58,59]. 
This study has several limitations that warrant consideration. 
First, the study cohort was not representative of all pregnant 
Malaysian women. Most of the women enrolled were Malays, 
had a secondary education and lower, and were from low- or 
middle-income households. As, dietary patterns can vary by sex, 
socioeconomic status, ethnicity, and culture, we suggest the 
results of the study be compared with those of other pregnant 
Malaysian women representing various ethnic and socioeconomic 
groups. Second, the factor analysis and statistical methods used 
to define dietary patterns, for example, the consolidation of 
food items into food groups, the number of food groups 
included, and the number of factors extracted, were subjective. 
Sensitivity analysis was performed to assess robustness of 
results. Furthermore, all statistical analyses were checked for 
violation of the assumptions underlying those analyses (e.g., 
factor analysis) in order to minimize the potential bias. Third, 
use of the SFFQ for dietary assessments introduced the 
possibilities of recall bias and misreporting. However, the use 
of well-trained interviewers for data collection probably reduced 
these errors. Fourth, although the borderline significances of 
our findings caution that interpretations be approached 
carefully. Fifth we did not assess food preferences, food taboos, 
beliefs, or practices during pregnancy, or the social contexts 
of meal consumption. As these are important determinants of 
dietary intake, such information could explain adherence to 
eating patterns during pregnancy. Nevertheless, despite these 
limitations, we believe our findings provide important insights 
of the DPs of Malaysian women from pre-pregnancy and 
throughout pregnancy. 
In conclusion, the DPs study differed substantially from those 
reported in Western populations. Furthermore, the different DPs 
observed before and during pregnancy, reflect clear changes 
in eating and drinking habits, although some healthy dietary 
adaptations did not last until the end of pregnancy. In addition, 
ethnicity, education, and WC in early pregnancy were 
significantly associated with specific DPs. These findings 
indicate the importance of understanding DPs when designing 
interventions aimed at promoting healthy diets for pregnant 
women. Such interventions should also consider the factors 
associated with the dietary intakes of pregnant women so that 
interventions can be tailored to meet the specific needs of 
women prior to and during pregnancy. Further studies are 
needed to determine the associations between DPs and 
pregnancy outcomes, child development, and later health.
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